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1. Samandregnar helstu nidurstoour

Segja mé ad ferdin hafi tekist eftir atvikum vel, en bad reyndist po tSluvert erfitt ad
afla upplysinganna, sem vid sottumst eftir, p6 1j6st veeri ad per veeru til. Astzdan er
fyrst og fremst st ad pad er Gravegur milli menningarheimanna tveggja, peir skilja illa
okkar parfir og vid botnum ekkert { kerfinu hjé peim. Til samanburdar md nefna pad
ad 1 Tanggu-verkefninu 1996 t6k bad halft ar og tveer halfsmanadar-ferdir af afla
tilteekra upplysinga um jardhitakerfid. Pad er samt min tilfinning ad peim sé mikil
alvara med pessi verkefni og péattoku fslendinga i peim.

Gagnadflun gekk mjog mismunandi. Hun gekk tiltolulega vel { Yanging par sem vid
h6fdum Liu Jiurong, fyrrverandi jardhitaskélanema, okkur til adstodar, en hann skildi
parfir okkar mjog vel og pekkti auk pess kerfid. Pa gafu yfirvold bajarins ut
fyrirmeeli { upphafi til hinna ymsu bajarstofnana um athendingu gagna. Gagnatflunin
gekk svo ekki eins vel i Lishuigiao pvi par var okkar adstodarf6lk yngsta folkio i
fyrirtzekinu, sem taladi seemilega ensku. Pad vantadi hins vegar skilning 4 peim
upplysingunum, sem vid vorum ad bidja um, auk valda og kjarks til ad afla peirra. P6
st6d adaltalkurinn peirra, Fei Weihong, sig mjog vel.

f stuttu méli tokst ad afla eftirfarandi gagna vegna jardhitakerfanna og afkasta peirra:
(1) Almennra upplysinga um jardhitann og nytingu hans & Stor-Beijing-svadinu,
adallega med adstod Jiurongs.  (2) Tiltekra upplysinga um jarofradilega
uppbyggingu beggja svaeda. (3) Upplysinga um par fau holur sem boradar hafa verid
{ svaedin. (4) Gogn Gr stuttum deelupréfunum holnanna tveggja. (5) Vinnslugagna
holnanna tveggja (3-4 4r i Yanqing 4n brystingsbreytinga, 1 vetur { Lishuigiao med
prystingsbreytingum).

Fyriratlanir okkar voru ad gera a.m.k. eins ménadar préfanir 4 badum holum, en illa
gekk ad fa pvi framgengt. { Yanging settu peir p6 deelu i holuna og stefndu ad pvi ad
hefja delupréfun adur en vid yfirgafum sveedio. { Lishuigiao var dela i holunni og
ekkert pvi til fyrirstsdu ad hefja profun par. Er lida tok 4 dvol okkar kom { lj6s ad
adalfyrirstadan var su ad erfitt var ad f4 leyfi til préfananna hjé yfirvoldum. Um
midja seinni vikuna attum vid mjog mikilveegan fund, m.a. med Chen Jianping sem er
yfirmadur Geothermal Division hj4 Bureau of Land Resources and Housing. Par kom
i 1j6s ad hvorki m4 bora, préfa holur né nyta per nema med leyfi hans deildar. beir
eru med nakvaema stadla (“Beijing-standard”) um hvernig delupréfanir eiga ad vera
og brutu okkar tillsgur algjorlega i baga vid pd. Auk bess sogdu peir ad i
méanadarlangti préfun veri séad allt of miklu vatni. Malamidlunarnidurstada var po
su ad peir sampykktu préfun { Yanging (e-0 styttri p6) en s6gbu dtilokad ad
sampykkja svo langa préfun i Lishuigiao. Detta er vantanlega vegna bess ad
Lishuigiao er inni i Beijing, en minni hetta er 4 ad pad sjéist ad verid er ad brjota
standardinn uppi { Yanqing. Holan { Lishuiqiao verdur p6 préfud i 2-3 daga.

A sama fundi kom einnig fram ad peir «tla ad bora nyja holu uppi i Yanqing nd i
sumar, sem er afar mikilvaegt. P4 var gert samkomulag (vid bennan sama Chen) um
ad vid munum f4 allar upplysingar Gr annarri holu, sem verid er ad bora i Lishuigiao,
auk upplysinga Gr svokalladri “interference”-préfun milli holnanna tveggja, sem fram



fer { vor. Petta er einnig mjég mikilvasgt. b4 virdast beir tilbunir ad bora nyja holu i
Lishuiqiao, en timasetning pess er ekki komin. Bida jafnvel eftir okkar tillsgum.

Daginn &dur en vid yfirgdfum svadid var haldinn annar mjég mikilveegur fundur, par
sem Chen Jianping var einnig vidstaddur. Ljost er ad vid hefdum purft ad funda med
honum strax i upphafi dvalarinnar, pvi hann virdist hafa v6ldin og adgengi ad ymsum
upplysingum. A pessum fundi fengust m.a. upplysingar um per takmarkanir sem
settar eru 4 jarOhitavinnslu i Beijing, en deild Chens virdist hafa vald til slikra
takmarkana. Hann sag0i auk bess ad ef af pessum verkefnum yrdi og jardhitinn yrdi
vel nyttur myndu peir ekki setja takmarkanir 4 vinnsluna. A fundinum kom lika fram
ad fjolda adila hefur verid neitad um leyfi til borana, badi i Lishuigiao og Yanqing.

Almennt mé segja um jardhitakerfin tvé ad upplysingar, sem nyta mé til ad meta
vinnslugetu beirra, eru takmarkadar enda 1itid verid borad i kerfin. Pvi verdur
mikilveegt ad nytingin verdi aukin { skrefum og vinnslugetan endurmetin i hverju
skrefi 4dur en framhaldid verdur d4kvedid. Yanqing-svadid er nokkud stért (nélegt
100 km?) og alveg afimarkad. Lishuigiao-sva&did er minna, en par er von 4 e-d harri
hita. Lishuigiao svadid er lika umlukid 6drum jardhitasvaedum, pé ahrif frd peim
virdist litil (ennpa sjalfrennsli). P4 mun betta verkefni adeins hafa leyfi til ad nyta
hluta (19 km®) svadisins og verda had vinnslu annarra { kring. Einnig er lj6st ad
nidurdeling verdur lykilatridi { nytingu beggja pessara svaeda, fyrst og fremst til ad
auka afkastagetu svaedanna, en einnig af umhverfisastedum.

[ ferdinni fengum vid einnig upplysingar um jarhitanytingu i Tianjin, en par virdast
peir komnir lengra { jardhitanytingu en i Beijing (stefnuborun og nidurdaling. Einnig
fengum vid upplysingar um tv6 Onnur jarShitaverkefni, par sem shugi virdist 4
pattoku Islendinga. Pad eru Dongli Lake verkefnid i Tianjin, sem virdist dhugavert,
auk svaedis { Hebei-fylki.



2. Dagbok Gudna Axelssonar

Fostudagur 23. mars: Lagt af stad ad heiman um kl. 6 og f loftid fra Keflavik kl.
ramlega 8. Er vid komum til Kastrup kom f 1j6s ad SAS-flugid til Beijing hafoi verid
fell nidur. Fengum far med China Air, sem for af stad rumlega 17, en millilenti i
Stokkho6lmi.

Laugardagur 24. mars: Pad reyndist dgett ad fljuga med China Air og lentum vid {
Beijing kl. ramlega 11, en um klst. t6k a0 fara { gegnum vegabréfaskodun 1 glenyrri
flugstodinni.  Par beid heilmikil sendinefnd eftir okkur (Pétur Yang Li fra
sendiradinu, Wei Jiangfei og Fei Weihong fra Beijing Geological Technical Survey
Institute auk Liu Xing frd Badaling Geothermal Development Co.). Oku okkur nidur
4 Landmark Hotel, sem er rétt vid islenska sendiradid i ANA-hluta Beijing vid pridja
hringveginn. P4 hafdi ferdin tekid alls 22 kist. Hvildum okkur adeins, en vorum
séttir 4 upphafsfund vegna Lishuigiao kl. ramlega 15. Par voru okkur kynntar paer
upplysingar sem peir hoféu safnad og ratt adeins um bpar og framhald vinnunnar.
Téluvert af almennum gégnum, en 1itid sem ma nyta til pess ad meta afkost svaedisins.
Eru ad reyna ad sleppa vid langa deelupréfun. Munum reyna ad halda henni til streitu.
Um k. 18 var svo farid med okkur i kvoldverdarbod i bodi Beijing Municipal
Administrative Bureau of Land Resources and Housing.

Sunnudagur 25. mars: Séttir kl. 8 og tok innan vid hélftima ad aka uppeftir, enda
“|itil” umferd. Strax farid ad vinna vid gagnayfirferd/6flun. Byrjad 4 ad yfirfara gogn
um deelupréfanir holu Sha-Re-6, eina fré i borlok (marsbyrjun 2000) og hina sem peir
hofou gert stuttu seinna. Takmdrkud gdgn (nokkrir dagar) pé préfanirnar hafi verid
gerdar eftir ndkvemum “standard”. Reyndi svo ad sannfera pa um mikilveegi
raunverulegrar dalupréfanar (1-2 ménudir). Skodudum svo gbgn um vinnslu og
vidbrogd holunnar, sem beir hafa nytt i vetur. ZEtti ad vera haegt ad nota pau gogn
eitthvad.  Sidan kom { lj6s ad bpeir 4ttu vatnsbordsgdgn Ur eflirlitsholu
(jardskjalftaforboda) um 1,5 km nordar. Detta eru sjlfvirkt skrdd gogn, sem gatu
ordid mjog gagnleg. Farid svo { gegnum e-0 af gégnum um jardfradina (sprungur og
takmork) og jardhitanytingu { Beijing. Hun er adallega 4 tveimur sveedum, 80ru rétt
nordan Lishuigiao, Xiaotanshan ad nafni (nytt frd ~1975, ath. gamla grein med GB6),
hitt rétt SV borgarmidjunnar. I allt naleegt 200 holur & pessum tveimur svadum.
Vinnsla 6veruleg annars stadar. Ztla ad Gtvega mér yfirlitsgdgn um betta. Eftir
hadegi férum vid Einar & Beijing Institute of Geological Engineering og hittum par
Liu Jiurong 4samt yfirmanni efnarannséknarstofunnar, sem vi0 skodudum.

Manudagur 26. mars: Mzettir upp 4 Lishuigiao-skrifstofuna kl 9:30. Haldid afram
gagnadflun og gagnaumradu. Prentadi 1t lista yfir pau gbgn sem beir ttu ad geta
Gitvegad. Sidan var holan skodud, en peir hofou sett deluna { gang til ad syna okkur.
Fragangur virdist med skédrra moti (okkur leist illa 4 rennslismelinn). Rokreett um
mikilvaegi langtima-préfunar. Purfum ad feera frekari rok fyrir pvi (ath. not fyrir alla
pecttina; fordafrdi, efnafradi og verkfraedi). Vid Einar forum og kiktum 4 holuna
sem er veri® ad bora hér nokkra km fyrir sunnan. Hun er borud af einhverju “real-
estate company”, en innan svedis peirra pvi leyfi til borana fékkst 40ur en peir fengu



uthlutad svedinu. Einar med upplysingar um holuna. Eftir hddegi byrjadi ég ad fara
yfir listann med peim og fékk nokkud af gognum til vidbétar, sum télvutek en Snnur

4 pappir.

Pridjudagur 27. mars: Sama dagskrd i upphafi dags og venjulega, nema hvad vid
pokkudum nidur og tékkudum Wt (hluti farangurs geymdur 4 hételinu). Breyttum
planinu adeins fyrir nastu viku, til pess ad draga ur flakkinu milli Yanqing og Beijing.
Byrjad 4 ad ganga frd og leggja fram 4mtlun okkar um manadarlanga daelupréfun.
Fyrst var b6 ratt um kortin sem vid purfum og kom pa 1 ljés ad  peir hafa ekki leyfi til
a0 lata okkur hafa dgeet kort sem vid hsfum verid ad skoda. I framhaldinu raddum
vid um delupréfun, sem peir eru mjég tregir ad byrja, 16gd édhersla 4 mikilvagi
hennar vegna (1) afkastamats, (2) pattoku islendinga og (3) pattoku lanastofnana. Peir
bera ymist vid ad ekki purfi deluprofun, eda pad vanti “observation” holu, eda pad
burfi ad bida eftir ad borun nyju holunnar 1jiki, eda pd ad peir purfi leyfi yfirvalda
(sienna kom { ljés ad betta var adalatridid). Holdum afram ad reyna, attum m.a. ad
hitta einhvern “official”, en ekki bélar 4 honum. Eftir hddegi raeddi ég vid Zhang Dao
Fu (eldri madur & eftirlaunum, rédgjafi stofnunarinnar) sem reyndi ad fraeda mig
almennt um jardhitanytingu { Beijing. Vantadi p6 ymsar nylegar upplysingar. Litid
beettist vid af upplysingum og hvorki sést pessi “official” né reeddu peir frekar um
delupréfunina. Liu Jiurong og Pan Xiaoping mattu hér kl. 15:30 til pess ad fara med
okkur uppeftir. Lagt af stad upp ur 16 og komid upp til Yanging kl. 17:30 c.a.

Midvikudagur 28. mars: 1 gaerkvildi var adeins farid yfir st6duna i upphafi vinnunnar
og virdast peir vel undirbunir. Peir eru tilbunir i deelupréfun, en ekki sannfardir um
borfina 4 eins langi profun og vid viljum. Hér parf lika leyfi Beijing-yfirvalda, en vid
hofum Liu Jiurong 4 okkar bandi hér (hann skilur porfina vel, fugt vid Lishuigiao-
menn). Upphafsfundur med flestum mélsmetandi ménnum bajarins/hreppsins. Par
var farid yfir dagskrdna framundan, en sidan haldi® Gt ad holunni. Adur var p6 farid
almennt yfir jarOhitann i Beijing og virdast peir (Liu Jiurong og Bin Dezhi, sem er
eldri madur 4 eftirlaunum, en radgjafi verkefnisins) hafa mun betri upplysingar en peir
i Lishugiao. Reyni ad fa4 pessar upplysingar gegnum pa. Verid ad undirbua
delupréfun holunnar, hiin stoppud og toppprystingur lesinn (0,215MPa). Gagnadflun
hofst svo fyrir alvru eftir hidegi med Gtprentun gagnadskalista, sem ég for yfir med
Jiurong. Hann er eiginlega sd fyrsti sem skilur almennilega bad sem vid viljum.
Battum m.a. ymsu 4 listann. Borkjarna-gogn eru ekki til, en einhver “well-log”, sem
ég fe afrit af. A svadinu er ein c.a. 500 m jardskjalftaeftirlitshola, en engln gbgn ur
henni. Vid munum samt fara ad skoda holuna og heita laug hér uppi 1 fjéllunum.
Einnig @tlar hann ad syna mér gogn um vatnsbordsbreytingar i Beijing. Hann gaf
mér ber upplysingar ad i Beijing veri eitthvert landsig, en ekki vegna
jarOhitavinnslunnar. Eftir kvoldmat forum vid prir { sund i jardhitalauginni peirra,
nokkud skemmtileg p6 allur fragangur sé bagborinn.

Fimmtudagur 29. mars: Byrjad ad vinna upp ur 8:30. Rélegur morgun, bedid eftir
gdgnum um vinnslusdgu og Jiurong, sem er eini almennilegi tdlkurinn og pvi mjog
eftirséttur.  Timinn notadur til ad reyna ad plana nestu viku (ferd ad holu Q-2,
lauginni, og 4 Kinamuirinn 4 ménudag/pridjudag auk heims6knar 4 stofnun Jiurongs
og Pans e.h. 4 fimmtudag). Setti auk pess 4 blad almennan minnislista og 6skalista
vegna Tianjin-heimséknar. Eftir hddegi foru ad safnast inn ymsar upplysingar fyrir
tilstilli Jiurongs; delupréfun, vinnslusaga, upplysingar um jardhitanytingu { Beijing
og smd skrif um landsig i borginni.




Fostudagur 30. mars: Lagt af stad til Beijing um 8:15. Meettir i sendirddid kl 9:45, en
pa var sendiherrann ekki meettur. Hittum par Eddu sendirddsritara, eftirmann Ragnars
Baldursonar, og tver adrar konur (6nnur islensk, en hin kinverksk). Olafur matti svo
upp ur 10 og var hann agetlega vidradugoédur. Reddum vitt og breytt um verkefnin
og Kina, en vid komum ad tregdu Lishuigiao-manna vid ad delupr6fa. Pau atla ad fa
Pétur til pess ad hringja i Beijing Bureau of Land Resources and Housing til pess ad
reyna ad lidka fyrir méalinu. Dong Zhilin matti svo stundvislega kl. 11 til pess ad
fara med okkur til Tanggu og Tianjin. Logdum af stad um 11:45 og vorum komnir til
tanggu upp ur 13:30. Reeddi heilmikid vid Dong 4 leidinni og fékk ymsar fréttir.
Fraddi okkur m.a. um Dongli-lake sv&did, en par er hugsanlegt ad koma & koppinn
jardhitavirkjunar-verkefni. Skrifstofur TGO eru vid holu TR-22 asamt, sundlauginni,
almennings-badhtisi og ymis konar degradvol. A skrifstofunni hittum vid Hr. Chao,
sem er enn med puttana i pessu, p6 hann sé kominn 4 eftirlaun fyrir 16ngu. Fengum
par ymsar upplysingar um reksturinn, sem virdist ganga nokkud vel. M.a. ad vinnslan
hafi 1itid aukist sidustu &rin og var hiin um 5 Mm’ 4 sidasta 4ri. Er bad vegna bess ad
yfirvold i Tianjin takmarka vinnsluna (6tti vid ofnytingu og landsig). Samt hefur
tekist ad auka hitad rymi med battri orkunytingu, m.a. hradastyrdum delum. Er pad
nG um 900.000 m2. Vatnsbord lekkar haegt, eda um c.a. 3 m/ari. Jardhitaholurnar i
Tanggu eru vist 32, par af 4 grunnar, og rekur TGO 6 af pessum holum auk pess ad
hafa pad hlutverk ad fylgjast med jarShitavinnslunni 4 svedinu. Fjorar holur virdast
hafa bast vid 4 sveedinu og skildist okkur ad peer veeru i Gtjodrum Tanggu. P4 hefur
TGO verid vidridid virkjun jarShita i nagrenni Xian og 4 oliusvadinu i NA-Kina.
Skodum svo holuna og dzlustddina 48ur en vid 16gdum af stad til Tianjin kl. teeplega
17.

Laugardagur 31. mars: Zhang Baiming, Wang Kun og Dong komu og nddu i okkur
upp Ur 9 og forum vid ad skoda tvd holupdr (vinnsluhola dsamt nidurdelingarholu) og
tilheyrandi dalustédvar (annad pad elsta { Tianjin, og bar med Kina). Tolli og Einar
fengu heilmiklar upplysingar 4 sinum 4hugasvidum og ég notadi timann til ad fa
upplysingar um jardhitakerfin og nytingu beirra (sjd kafla 7 hér 4 eftir: Adrar
upplysingar). Tianjin yfirgefin 4 bil stofnunar peirra Zhang og Wang Kun kl. c.a.
15:30, komid 4 Landmark i Beijing um kl. 17.

Sunnudagur 1. april: Fri i Beijing, en Lishuigiao-menn sdu um ad aka okkur og syna
Tiananmen-torg, Keisarahallirnar og Behei-gardinn nordvestan hallanna.

Ménudagur 2. april: Yanging menn séttu okkur upp ur 7:30. Okum first yfir 4
“Geological Engineering Institute” med Einar, en padan forum vid Tolli beint upp til
Yanging, pangad sem vid komum kl. 10. Farid beint ad holunni par sem Pan
Xiaoping var dsamt fjélda manns sem voru ad reyna ad opna holuna. Rett hefur verio
um ad dezla 4 holuna kdldu vatni til ad st6dva sjalfrennsli (toppprystingur ~2,2 bor,
sjalfrennsli yfir 20 1/s) og voru beir langt komnir med ad undirbua pad. Férum med
Pan 4 “skrifstofuna” 4 hételinu par sem vid forum yfir per adgerdir sem voru
mogulegar til pess ad rada vid holuna og koma dzluna nidur. Hann spurdi hvort ekki
veeri nég ad préfa holuna med sjalfrennsli (hef oft verid spurdur ad pvi, vilja
greinilega komast hjé pessu veseni), en ég sagdi honum ad raunveruleg deluprofun
veeri lykilatridi. Eg reiknadi ad pad pyrfti ad ad kzla holuna nidur 4 1550 m dypi
(byggt 4 55-60°C hita og 986-983 kg/m’® edlispyngd heitrar sulunnar auk 15°C hita og
999 kg/m® edlispyngdar kaldrar sulu). Samkvaemt pvi dypi og 0,18 m medalvidd
holunnar pyrfti ad lagmarki 40 m® af vatni. Pad 4tti ad vera o.k. pvi kaldavatnsdeelan



sem peir voru med étti ad afkasta 50 m*/klst. vid 3 bor. bé syndi Tolli honum fram 4
ad ef peir festu um 1 — 1,5 m hdan rorstubb, med 150 mm vidu hlidarrsri myndi
vatnid streyma ut um hlidarrérid. Honum leist vel 4 petta hvoru tveggja. Férum
seinna 0t ad holunni og kom p4 { 1jés ad peir h6fdu heett vid ad keela holuna og tludu
bara a0 nota rérstubb, sem peir h6fou smidad, en hann var mun styttri en Tolli hafoi
sa sem Tolli hafdi “hannad”. Pvi var holan einfaldlega opnud med vatnid fleedandi
um allt. Tk pa ératima ad losa toppinn af holunni, pvi hann var skrafadur i, en delan
byrjadi ad fara nidur um kl. 15. Anzgjulegt ad pad skyldi takast. Raeddi vid Jiurong
um melingarnar, sem parf ad undirbua vel, en einnig um pad hvernig peim myndi
ganga ad fd leyfi til ménadarlangrar préfunar. Hann taldi ad ekkert yrdi henni til
fyrirstddu, ekki pyrfti ad fa leyfi, einfaldlega best ad segja engum fr4! 1 lok dagsins
forum vid adeins yfir st6du gagnasflunarinnar og syndi Jiurong mér einfaldad
Jardfraedikort af Yanqing, auk pversnids, sem hann 4iti bara eftir ad pyda af
Kinversku. Eftir kvoldmatinn reeddum vid adeins vid hann vitt og breitt, m.a. um
framhald verkefhisins. Hann taldi ad pad pyrfti ad fara i adra gagnasofnunarferd
(“mission”) flj6tlega pvi nui 4ttudu Kinverjarnir sig adeins betur 4 pvi hvada gdgn
byrfti. DPetta 4 b6 adallega vid um verkfraedihlutann. Einnig var rett um hugsanlegt
fyrirkomulag “fyrirteekisins” og hvada stofnanir og fyrirtaeki keemu hugsanlega ad pvi
af halfu Kinverja, en pad er 6ljost hér i Yanqing. Hann sagdi okkur einnig i 6spurSum
fréttum ad yfirmadur hans stofnunar hefdi sagt honum ad hann myndi verda settur
yfirverkfreedingur eftir ad hann kom heim fra Kenya (hann var par { 10 ménudi 1998
vegna préunaradstodar Kinverja vid Kenyamenn), en ekkert hafi ordid tr pvi, e.t.v.
vegna pess ad hann hafi ekki mutad yfirmanninum.

bridjudagur 3. april: Byrjad ad vinna kl. 8:30 vid gagnadflun og undirbuning
préfunar holunnar. Fékk &durnefnt kort og pversnid af Yanging-jardhitakerfinu.
Endurbetti dztlunina fyrir préfunina og beetti inn sma inngangi. Jiurong vildi meina
a0 vi0 ttum ekki ad kalla petta “well-test” svo préfuninni veeri ekki blandad saman
vi0 “standard well test”. Vi0 ttum frekar ad leggja aherslu 4 ad profunin veeri hluta
af “reservoir evaluation” fyrir kerfid. Detta er sennilega alveg rétt hja honum! Taladi
vid Pétur Yang Li { sendirddinu um stédu mala. Hann mun tala vid yfirmann Beijing
Municipal Bureau of Land Resources and Housing, bad hann ad lysa fyrst anazgju
sinni med gang mala og samvinnuna, en athuga svo hvort peir geetu ekki lidkad fyrir
leyfi til deelupréfunar og aflad betri kort og leyfa fyrir okkur ad nota pau. Pétur gerdi
betta og hans nidurstada var st ad malid strandadi hjd peirra “Geothermal Division”.
Annars vegar vegna bess ad petta bryti 4 baga vid peirra stadla (“well-test standard”,
sja hér ad ofan), en hins vegar vegna pess ad petta valdi mikilli séun 4 jardhitavatni.
Lagt af stad { skodunaferd kl. 12. Fyrst farid ad skoda jarShitaeftirlitsholuna Q-3, sem
er { sérbyggdu husi Gti 4 vidattumiklu akursvadi um 3 km frd NY-1. Ur henni renna
nokkrir 1/s (810 m*/dag skv peim, eda 9 I/s, vid t6ldum rennslid ekki svo mikid) af
~35°C vatni. Holan er 533 m djup og rétt nar nidur 1 “Wumishan-formation”. Parna
er haft eftirlit med vatnsbordi (p.e. prystingi), sennilega radoni og fleiri pattum, vegna
jardskjalftafyrirboda. Yfir holuna hefur verid byggt nokkud stort his med storu
loftneti og um pad eru gognin send til Beijing. Héldum svo upp { djupan dal inn {
fjollin nordvestan Yanqing, en par eru nokkrar heitar uppsprettur. Skodudum
hétel/badhus sem nytir vatnid Ur einhverjum lauganna og borholu. Borholan er fra
1995, 206 m djip, sjalfrennsli um 600 m’/dag (gaf 1900 m’/dag { deeluprofun) af
44°C vatni. Parna er m.a. ein uppsprettan med umgjord frd Xing-keisarademinu
(fyrir 200-300 4rum). Vatnid er notad til bada, lekninga og einhverrar upphitunar.
Svo var ekid aftur 1 gegnum Yangqing til Badaling til pess ad skoda Kinamurinn.



Midvikudagur 4. april: Byrjudum ad vinna kl 8:30 og undirbjé ¢g lokafundinn fyrir
Yanging med pvi ad setja sma frams6gu 4 blad (sjé kafla 6), sem J iurong mun fa og
geta notad til pess ad tilka. Delan i holunni var gangsett i 1-2 klukkutima e.h. til pess
ad Einar gati tekid syni, sem hann og gerdi. Vid Tolli forum og litum 4, en Einar
hafdi auk pess skrdd hjd sér upplysingar um rennsli og vatnsboro. Ekki utlit fyrir ad
profunin sjalf hefjist fyrr en 4 fostudag. A pvi loknu masttum vid 4 lokafundinn
4samt bajarstjérnendunum og peim sem adallega hafa komid ad verkefninu. Par flutti
ég textann, sem vid hofum undirbdid, og varabejarstjorinn sagdi nokkur pakkarord.
Hann nefndi ad ni veri Yanqing-verkefnid formlega hafid og bytjunin lofadi go6du.
Hann pakkadi okkur, 6skadi til hamingju og nefndi ad vid varum vinnupjarkar og
tekjum verkefnid greinilega mjog alvarlega. P4 nefndi hann ad god
hagkveemniathugun veri audvitad lykilatridi og ad grunnur hennar veri itarleg skodun
teeknilegra og hagrenna pétta. Okkar “mission” veeri g6dur grunnur, en e.t.v. vantadi
enn einhver gdgn. Pad veri ekkert vandamal, peir myndu gera sitt besta til ad utvega
pau. Sidan pakkadi hann okkur enn einu sinni og nefndi ad na skildu peir okkar
adferdir miklu betur en 48ur. Fundurinn var frekar stuttur, en 4 eftir var hefdbundinn
kvoldverdur { bodi bejarins par sem varabajarstjorinn pakkadi afram fyrir og vid
skéludum fyrir framhaldinu. Eftir kvoldmatinn satum vid dalitla stund 4 barnum,
raeddum m.a. vid Jiurong um jardhitaréttindi, borleyfi og pad hvernig megi fordast ad
einhver steli nidurstodum hagkvemniskyrslunnar.

Fimmtudagur 5. april: Lagt af stad til Beijing kl. 8.30 og komum vid til Lishuigiao
rétt fyrir 10. Virdist okkur 1itid hafa gerst i gagnadflun frd pvi vio férum. Greinilegt
ad pessi krakkagrei sem hafa verid a0 tilka fyrir okkur hafa hvorki adgang ad pessum
gdgnum né neg ahrif eda pekkingu. Eg for aftur yfir listann, sem ég skyldi eftir, um
pau gdgn sem mig vantar en pad var eins og litli gaurinn, sem adallega hefur tilkad
fyrir mig, veeri ad heyra etta { fyrsta sinn. Peir badu p6 um réttlaetingu frda mér fyrir
manadarlangri delupréfun. Eg 1ét pau fa plagg sem ég hafoi skrifad og verdur pad
talkad fyrir yfirmanninn, Ji Xiaoping, og sidan rett frekar. Hann bad lika um
upplysingar um nidurdeelingu, sem ég lagdi til ad vid reddum sérstaklega i
fyrramélid. Hingad var meett Li Hongying tr jardhitaskolanum { fyrra til pess ad reda
moguleika 4 jardhitasamvinnu i sinu heimahéradi (Baoding/Hebei). Vildi helst ad vid
keemum { heims6kn (1-2 kist. akstur) en pad gekk audvitad ekki. Haldid afram ad
toga gbgn upp Ur peim, en greinilegt ad pessi krakkagrey sem hafa verid ad tulka fyrir
okkur hafa hvorki adgang ad pessum gégnum né nag hrif eda pekkingu, gengur pvi
illa. Fundur kl. 16 hj4 Beijing Institute of Geological Engineering, sem ég hafoi skilid
sem kurteisisheimsékn 4 stofnunina. Reyndin var énnur pvi 4 fundinum voru tveir
menn frd Beijing Bureau of Land, Resources and Housing, Li Shuxiang Chief
Engineer og Chen Jianping Chief of Geothermal Division. Sa sidarnefndi gefur 0t
leyfi til jardhitaborana og nytingar og auk pess leyfi til allra profana. Petta eru peir
sem rada og hefdum vid purft ad hitta pd miklu fyrr. A fundinum var lika yfirmadur
Beijing Institute of Geological Engineering, Wei Lianwei. Eg kynnti stuttlega
nidurstédur okkar vardandi Yanqing, stytta utgafu fra deginum 4dur. Sidan var farid
ad reda leyfi til profana 4 badum stodum okkur ad 6vérum og vard ur pvi toluvert
pref. Peir vilja minnka umsvif profunarinnar { Yanqing og segjast alls ekki geta leyft
préfun { Lishuigiao.  Peir spuru hvort ekki veru til nag gbgn, en rokin geng
profununum tengjast annars vegar pvi ad peir séu med stadla, sem erfitt sé ad vikja
fr4, og hins vegar pvi ad svona préfun valid mikilli orkus6un. Eg reyndi ad leggja
fram gagnrdk eftir meetti og beir 16gdu til ad vid reyndum ad finna malamidlun. Eftir
nokkud prutt var nidurstadan su ad holan i Yanging verdur profud i hélfan ménud 4



somu afkdstum og vid hofdum reiknad med (peir vildu minnka pau). Ef vatnsbord
verdur péa ennpa lekkandi er moguleiki 4 pvi ad haldid verdi eitthvad afram. A méti
bessu kemur ad beir @tla ad bora adra holu i Yanqing { sumar, og voru pad gédar
fréttir. Verra var ad beir pvertaka fyrir svona langa préfun { Lishuigiao. Reyndar lofa
beir ad afla upplysinga um nyju holuna, sem verid er ad bora hér fyrir sunnan. Auka
bess «tla peir ad gera “interference”-préfun milli hennar og Sha-Re-6 med minna
rennsli en vid hofoum gert r4d fyrir (par med hafa peir sambykkt lengri préfun,
Obeint). Sidan var okkur haldin veisla af yfirmanninum (Wei) 4 veitingastad hinum
megin vid gotuna.

Fostudagur 6. april: Séttir 4 Landmark kl. 8 og stredinu i Lishuigiao haldid &fram.
Eftir hadegi féru Einar og Tolli sinn { hvorn leidangurinn en ég hélt 4fram ad vinna.
Haf0i Fei alveg fyrir mig og nédi pvi adeins meiri arangri. Haldid 4fram ad reyna ad
toga upp ur peim pau gogn sem vantar, jardfradikort og snid auk gagna ur eldri
profunum. Pbad for aéallega i gegnum Fei. Reeddi téluvert vid Xing Hongju, sem er
titladur “vice manager”. Hann spurdi ymislegt um jardhitanytingu og boranir &
fslandi, sem ég (og Einar) reyndum ad freeda hann um. Sidan reddum vid téluvert um
nidurdelingu. DPeir virdast hafa gert tilraun fyrir tveimur dratugum eda svo, sem var
talkud svo ad hun hefdi mistekist (vegna minnkandi “injectivity”?). Mér er ekki 1j6st
af hverju, pvi nidurdeling { “limestone/dolomite” gengur yfirleitt vel annars stadar,
kannske vegna pess ad prysting hefur vantad til ad reka vatnid nidur (litill nidurdrattur
4 peim tima). Undir lok dagsins fékk ég gdgnin tr dalupréfununum tveimur 4
télvuteeku formi, einfaldad “jardfraedikort” af Beijing i Corel-Draw auk pess sem &g
vann ad lokatdlunni.

Laugardagur 7. april: Séttir kl. 8 til pess ad meta 4 lokafund, sem héfst kl. ramlega
10.  Par voru mettir nokkrir framdmenn fyrirteekisins (m.a. Ran Weiyan, Chief
Engineer og Wei Jiangfei, Senior Engineer og “contact person”), litla adstodarfolkid
okkar og Chen Jianping frd Bureau of Land Resources and Housing. Petta var mjog
upplysandi fundur, likt og fundurinn s.l. fimmtudag. Ran byrjadi 4 ad segja nokkur
ord par sem hann m.a. pakkadi okkur vel unnin storf, en badst afsSkunar 4 pvi ad peir
hefou ekki verid négu duglegir ad utvega okkur gégn. Hann pakkadi lika fyrir pad
teekifeeri sem vid hefdum veitt unga félkinu til ad bjélfa sig { ensku. Sidan flutti ég
okkar t6lu (sj4 kafla 6), en ad lokum voru almennar umreedur. I fyrstu raett um kort og
annad sem Tolla vantar og sagdist Chen mundu sja til bess ad hann fengi
skipulagsuppdratti.  Einnig ratt um uppbyggingu svadisins og hverjir yrdu
kaupendur orkunnar. Pad virdist sem beir telji lykilatridid ad meta afkastagetu
jarhitakerfisins, hinir paettirnir séu minna mal. P4 spurdi ég Chen hvada takmarkanir
beir settu & jardhitavinnslu hinna ymsu adila, en hann stadfesti ad stofnun hans eigi ad
stjorna henni og takmarka (sjd um “Beijing Geothermal Policy”). DPetta eru
upplysingar, sem ég hef verid ad reyna ad afla sidustu vikurnar, en fengid afar
takmdrkud svor, jafnvel hjd Jiurong. Hann nefndi fimm atridi i pvi sambandi: (1)
sterd audlindarinnar (“resource”), (2) hvernig orkan er notud, p.e. til hvers og
orkunytni, (3) nidurstdur vinnslueftirlits (“monitoring™), (4) stefna yfirvalda, m.a. til
ad draga Ur mengun, bess vegna 16gd 4hersla 4 upphitun og (5) harra pak sett 4
vinnsluna ef um “cascaded use” er ad reeda. Aherslan er greinilega 4 ad hdmarka
orkunytnina, alla vega { ordi. P4 fullyrti hann ad ef nyting orkunnar yrdi god i
Lishuiqiao-verkefninu yroi ekki porf 4 takmdrkunum frd honum. Hann var sammala
minni skodun ad rétt vaeri ad “virkja® i 4fongum og meta pannig “sterd
audlindarinnar”. 1 tengslum vid vinnslupréfunina pa var pad itrekad ad peir myndu



Gitvega gdgn Ur nyju holunni og ventanlegri “interference”-profun. A9 lokum kom
fram ad peir virdast tilbtnir ad bora nyja holu i Lishuigiao, en timasetning bess er ekki
komin. Bida jafnvel eftir okkar tillsgum. Fundinum lauk ekki fyrr en um 12:30, en pa
var farid med okkur i hddegismat i veitingahts i négrenninu. f restina kom Liu
Changlin, yfirmadur stofnunarinnar, til ad kvedja okkur. Jiurong sendi umslag 4
hételid, i pvi var margumbedid kort af Beijing (sprungur og jardhitasvadi), sem hann
sagdi ad veeri eingdngu fyrir min einkaafnot (hafdi ekki tima til ad fa leyfi). Lika tveer
myndir sem syndu vinnslu- og vatnsbordssdgu “Urban”-jardhitasvadisins, sem beir
kalla svo. Um kvoldid féor Ragnar Baldursson med okkur, dsamt fleira folki, ut ad
borda og Gt 4 naeturlifid.

Sunnudagur 8. april: Séttir undir 10:30 4 tveim bilum, Wei Jiangfeng, tveimur 66rum
og bilstjéra. Komnir 6t 4 flugvdll um tveim klukkustundum fyrir brottfor. Sidan gekk
allt ndkveemlega samkvaemt datlun, nema hvad vid purftum ad borga fyrir um 40 kg
af yfirvigt (8200¥%). Flugid til K&ben ték um 9 kist. Kominn heim um kl. 23, b:e. 21
klst. eftir ad ferdin hofst.



3. Listar yfir helstu upplysingar, sem aflad var

Lishuiqiao

wnm A WN =

Simplified map(s) showing wells, faults/fractures (CorelDraw + paper copies).
Information on future drilling area.

Two geological cross-sections, N-S and E-W (computerized).
Temperature-profiles from wells, not available yet.

Information on their conceptual model, i.e. ideas on flow-paths in reservoir,
water recharge, water origin, water age etc.

Well-design information for well Sha-Re-6 (also for a few other near-by
wells).

Data from two short well tests (Excel).

8. Information on Chinese potential estimate, which is volumetric.

10.

11.

12.

13.

Data on production, wellhead pressure and water temperature for the winter of
2000/2001 (Excel).

Data (interference) from earthquake observation well north of Sha-Re-6 for
1999-2001 (Excel).

General information (number of wells, well depths, reservoir rocks, water
temperatures, total yearly production, water-level draw-down, etc.) for other
geothermal fields in Beijing. Also information on success rate. More detailed
information acquired through Yanqing project.

Information on regulations/restrictions on geothermal drilling and utilization
in Beijing (from Chen Jianping).

Limited information on old reinjection tests in Beijing.



Yanqing

1
2
3,
4
5

. Map showing wells, general geology and faults/fractures.

. Some geophysical logging data from well NY-1.

Two geological cross-sections, N-S and E-W.

. Temperature-profiles from well NY-1.

. Available information on their conceptual model, i.e. ideas on flow-paths in

reservoir, water recharge, water origin, water age etc.

6. Well-design information for well NY-1

7. Very limited information on porosity and permeability (check porosity info for

10.

11

12.
13.
14.
15.

Wumishan formation).

. Well test data for NY-1.

Chinese volumetric potential estimate.

Data on production, (well-head pressure) and water temperature since
production started (Excel).

General information (number of wells, well depths, success rate, reservoir
rocks, water temperatures, total yearly production, water-level draw-down,
etc.) for other geothermal fields in Beijing.

Copy of geological review map of Greater Beijing Area (for my private use).
Information on old reinjection tests in Beijing
Information on subsidence in Beijing

Information on water-level changes in main geothermal fields in Beijing.



4. Skipulag stuttrar deelupréfunar i Lishuiqiao

Plan for a short well-test of well Sha-Re-6 in Lishuigiao April 2001

The purpose of such a well test would be to provide information on the
properties of the well and the reservoir next to the well, and compare it
with the results of earlier well test(s). During this test emphasis will be
put on accurate and frequent water-level measurements, which will
enable an accurate estimate of the reservoir properties.

A general plan for the well test of well Sha-Re-6 is outlined below:

1. Production should be mostly stable for some time (1-2 days) before
test starts, measure flow-rate and wellhead pressure several times.

2. Constant production at ~120 m’/hr for about 2 days.

3. Measure production (m’/hr), cumulative production (m’) and water
temperature (°C) as follows: (i) every half hour during first 6 hours
and (2) every hour during rest of test.

4. Measure water level as follows: (i) every minute during first hour,
(2) every 10 minutes during next 5 hours and (3) every hour during
rest of test.

5. Step-rate test at end of well test: (a) 6 hrs. at ~200 m’/hr, (b) 6 hrs.
at ~120 m’/hr and (c) 6 hrs. at ~60 m’/hr.

6. Collect water samples according to instructions from Einar
Gunnlaugsson (one per day).

Send data by e-mail to Iceland (Gudni Axelsson, gax@os.is).



5. Skipulag vinnsluproéfunar i Yanqing

Long-term production testing of well NY-1 April 2001

The purpose of the long-term production test of well NY-1 is to collect
information, which may be used to estimate the properties (permeability,
storativity, closed/constant-pressure boundaries, size) of the Yanqing
geothermal reservoir. These properties, along with older well-test data
and production history since the middle of 1998, will be used to estimate
the production _potential of the Yanqing reservoir, which will
consequently form an essential input to the Yanging feasibility study.
This includes calculating the long-term changes due to production for the
next decades (water-level decline, temperature) and the interference
between proposed production wells. The effect of reinjection will be
included in these calculations. One or more different computer models
will be set up for this purpose. The models will also take into account the
current conceptual model of the system, which relies on available
geological data.

It should be emphasized that this test constitutes a reservoir production
test, but not in fact a well test, which only provides information on the
properties of the well and the reservoir next to the well. It must also be
emphasized that this long-term production test and the consequent
potential calculations will be essential to convince Icelandic companies,
as well as Icelandic and international financial institutions, about the
existence of a geothermal resource worthy of investing time and money
in. Even though it involves some waste of precious hot water, a month’s
production test is a minor sacrifice compared to a successful utilization
period of at least several decades.

A general plan for the long-term test of well NY-1 is outlined below:

1. Production should be mostly stable for some time (1-2 days) before
test starts, measure flow-rate and wellhead pressure several times.

2. Constant production at ~110 m’/hr for at least 1 month.

3. Measure production (m’/hr), cumulative production (m’), water
level (m) or well-head pressure (MPa) and water temperature (°C)
as follows: (i) very frequently during first few hours, (2)
approximately every 2 hours during rest of the test.



4. Step-rate test at end of well test: (a) 1 day at ~120 m’/hr, (b) 1 day
at ~100 m’/hr, (¢) 1 day at ~60 m’/hr and (d) back to ~100 m’/hr
for a few days.

5. Close well at end of test and measure water-level recovery, later
wellhead pressure recovery, as frequently as possible.

6. Collect water samples according to instructions from Einar
Gunnlaugsson (one per week).

7. Test materials for scaling and corrosion according to instructions
from Thorleikur Johannesson.

8. Send data by e-mail to Iceland (Gudni Axelsson, gax@os.is) every
week, approximately.

9. If water level is still declining at end of test (1 month) test should
be continued for 2 — 4 more weeks.

Check whether we can get pressure record from the earthquake
observation well Q-3, for the well-test period. This would be very useful
(information on storativity of reservoir).



6. Lokaord okkar a lokafundum i Lishuqgiao og
Yanqing

A few words on the results of the mission of Icelandic
experts to Lishuiqgiao, Beijing, in March/April 2001

First we’d like to express our gratitude to the staff of The Beijing Geological
Survey Technical Institute for their co-operation and hospitality during the days
we’ve been here working together. In addition we’d like to acknowledge the support
of the Beijing Administrative Bureau of Land Resources and Housing. We can’t
name everyone who has been involved, but we’d especially like to thank our young
interpreters and helpers who have constantly attended to all our needs. Furthermore,
we shouldn’t forget all the excellent Chinese food we’ve consumed.

We’ve been able to collect a lot of information, which will be essential for the
feasibility report for the Lishuigiao project. We’ve also learned a lot about the way
things are organized here in China and about laws, regulations and standards of the
country. The information collected includes data on the geology of the Lishuigiao
geothermal reservoir as well as information on the geothermal well and it’s
production history since it’s use started in late 2000. We’ve also collected relevant
information on the chemical content of the water, which is essential for designing
solutions to possible utilization problems like scaling and corrosion. Finally, we’ve
collected important information needed for the surface engineering and economical
aspects of the project.

Our suggestion was to carry out a long-term reservoir production test through
using the down-hole pump in the well. The purpose of such a test would be to collect
information, which could be used to estimate the properties of the Lishuigiao
reservoir. These properties would in turn be used to estimate the production potential
of the reservoir through reservoir modelling. Unfortunately this idea had to be
abandoned because of Chinese standards and regulations, which we fully respect.

Therefore, we suggest that a much shorter well test be carried out. The data
from this test, along with older well-test data and production history since the middle
of 2000, will be used to estimate the production potential. The available geological
data will also be used to reach this estimate. The potential estimate will consequently
form an essential input to the Lishuiqgiao feasibility study. The effect of reinjection
will be included in these calculations. We’d like to emphasize that accurate potential
calculations will be essential to convince Icelandic companies, as well as Icelandic
and international financial institutions, about the existence of a resource worthy of
investing time and money in.

We have received chemical data from the Lishuigiao well and from some
other wells in the vicinity as well as cold water data. These provides essential
information for further evaluation. The methods used for collecting the data, i.e. both
the sampling technique, and analytical methods, have been discussed with the people



at the Chemical Laboratory in Beijing. A minor modification of the method of
sampling has been recommended in order to obtain more reliable date on the
concentration of some elements, which changes during storage. During the following
weeks samples will be collected and analyzed at the Beijing Laboratory. The result of
the analysis will be the main data used for evaluation of the possible scaling potential
as well as other factors used by the engineers involved in designing the district
heating system.

Finally we’ve received data for the engineering- and financial part of the
feasibility study. It would take too long to list this information, but we can mention a
very good 10-year record of weather data and good information on other energy
sources and prices. Some important information is still missing, however, such as
master plans for the future district heating area and information on land use, building
area and population density. We also need more information, in particular
engineering drawings, on present and planned buildings, radiator systems, etc.
Finally, information on the existing heat central and distribution system in the newly
constructed Tian Tong Yuan area north of here.

We’d like to end this by describing the next steps in our co-operation as we
see them, which, of course, will be decided in co-operation with you. The data
collected will now form the basis of our work on the feasibility report for the
Lishuigiao project, which we plan to complete this summer. A draft of the feasibility
report should be ready sometime in May and it will be sent to you in China for your
input and review. More information is of course needed, which will be delivered
through e-mail and fax correspondence. It is not clear at this stage whether a second
fact-finding mission will be required to complete the feasibility report this summer.
This will be decided once we’re back in Iceland and have reviewed the information
we’ve collected. Finally the outcome of the feasibility study will determine the next
step of the overall co-operation between Iceland and Lishuigiao.

Let us thank you again for your help, co-operation and hospitality, and if you
have any questions or comments we’d be happy to address them.

Beijing, P.R. of China, April 7%, 2001

Gudni Axelsson
Einar Gunnlaugsson
Thorleikur (Tolli) Johannesson



A few words on the results of the mission of Icelandic
experts to Yanging in March/April 2001

First we’d like to express our gratitude to the people of Yanqing for their
excellent hospitality and very good co-operation during the days we’ve been here
working together. We can’t name everyone who has been involved, but we’d
especially like to mention Mr. Liu Xing of the Badaling Great Wall Geothermal
Development Center who has done everything possible to make our co-operation a
success and also to make our stay here very pleasant. This includes all the excellent
Chinese food we’ve consumed. We’d also like to mention Mr. Gao Jianli of the
Yanging Land Resources Bureau for organizing the information transfer from all the
relevant institutions involved. Then we like to mention our old student Mr. Liu
Jiurong from the Beijing Institute of Geological Engineering who has provided
extremely efficient interpretation and excellent assistance. Mr. Liu Jiurong
understands our needs exactly and has acted like a bridge between our Western way
of thinking and the Chinese way of operating. Another former student Mr. Pan
Xiaoping from the Beijing Institute of Geological Engineering also provided essential
and efficient assistance.

We’ve been able to collect a lot of information, which will be essential for the
feasibility report for the Yanging project. We’ve also learned a lot about the way
things are organized here in China and about laws, regulations and standards. The
information includes all available data on the geology of the Yanging geothermal
reservoir as well as information on the geothermal well and it’s production history
since it’s use started in 1998. We’ve also collected relevant information on the
chemical content of the water, which is essential to prepare for possible utilization
problems like scaling and corrosion. Finally, we’ve collected vast amounts of
information needed for the surface engineering and economical aspects of the project.

During our stay the Chinese counterparts have been working extremely hard
for long hours to prepare the long-term production test of the geothermal well, by
installing a down-hole pump in the well. The plan is to start the test before the end of
this week. The purpose of this long-term production test is to collect information,
which may be used to estimate the properties of the Yanging reservoir. These
properties, along with older well-test data and production history since the middle of
1998, will be used to estimate the production potential of the Yanging reservoir
through reservoir modelling. This will consequently form an essential input to the
Yanging feasibility study. The effect of reinjection will be included in these
calculations.

We’d like to emphasize that this long-term production test and the consequent
potential calculations will be essential to convince Icelandic companies, as well as
Icelandic and international financial institutions, about the existence of a resource
worthy of investing time and money in.

We have received chemical data from the well in Yanqing and from the other
wells in the vicinity of Yanging as well as from the hot springs in the mountains to the
northwest. This provides essential information for further evaluation. The methods
used for collecting the data, i.e. both the sampling technique, and analytical methods,
have been discussed with the people at the Chemical Laboratory in Beijing. A minor
modification of the method of sampling has been recommended in order to obtain



more reliable date on the concentration of some elements, which changes during
storage. During the reservoir production test some samples will be collected and
analyzed at the Beijing Laboratory. The result of the analysis will be the main data
used for evaluation of the possible scaling potential as well as other factors used by
the engineers involved in designing the district heating system.

Finally we’ve received a lot of data essential for the engineering- and financial
part of the feasibility study. It would take too long to list all of this information, but
we can mention master-plans and other maps, which are essential for this kind of
work, also weather data, detailed information on present district heating and energy
use, building standards concerning heat-load and much more. We’ve also received
important financial data, such as present energy prices, as well as a lot of institutional
information, which is necessary for understanding the Chinese system.

We’d like to end this by describing the next steps in our co-operation as seen
by us. These will, of course, be decided in co-operation with all of you. The data
collected by us will now form the basis of our work on the feasibility report for the
Yangqing project, which we plan to complete this summer. A draft of the feasibility
report should be ready sometime in May. This will be sent to you in China for your
input and review. More information is of course needed, which will be sent back and
forth through e-mail and fax correspondence. It is not clear at this stage whether a
second fact-finding mission will be required to complete the feasibility report this
summer. This will be decided once we’re back in Iceland and we’ve have reviewed
all the information we’ve collected. Finally the outcome of the feasibility study will
determine the next step of the overall co-operation between Iceland and Yanqing.

Let us thank you again for your efficient help, co-operation and great
hospitality, and if you have any questions or comments we’d be happy to address
them.

Yanging, P.R. of China, April 4™, 2001

Gudni Axelsson
Einar Gunnlaugsson
Thorleikur (Tolli) Johannesson



7. Adrar upplysingar

General information on geothermal utilization in Tianjin:

10.

11,

12.

Geology; formation rocks, fractures, etc.:

Mostly Wumishan-formation, they call it “Basement reservoir”, fractures play
a major role, two main N-S faults channels for hot up-flow, high reservoir
temperatures at shallow depth near one (or both?) of the faults.

Conceptual model:

See above.

Stored heat estimates:
Information not available.
Wells (number, depth, design):

70-75 wells down to “Basement reservoir”, numerous abandoned “Tertiary
reservoir wells”. Well depth 1000 — 3000 m, deep casings.

Is directional drilling used?

Yes, in recent years when production/reinjection well-pairs are drilled (bottom
spacing 800 — 1000 m).

What is the “success rate”?

Information not available, most likely high (~90%,).

Yield of wells:

100 — 200 m*/hr, wells close to main faults have even higher yield (300 m*/hr).
Reservoir- and discharge temperature:

60 — 95°C in “basement reservoir”.

. Porosity and permeability:

Porosity is 3.5 — 7(8)% according to Wang Kun, information on permeability
not available (check paper by Wang Kun).

Production history:

2000: production from basement reservoir (Jx,) 14,000,000 m’ (12,000,000
m® according to paper by Wang Kun).

Draw-down history:

Information not clear, water level most likely reached 80 — 90 m depth in
production wells during winter of 2000/2001. Near well and turbulence
pressure drop probably corresponds to about 20 m of the pressure drop.
Average water level decline about 4 — 5 m/year.

Model calculations:



13.

14

15.

16.

17,

AQUA-3D modelling of whole system by Wang Kun, is now starting to model
using TOUGH2/PC. See paper in proceedings for Stanford-workshop in
2001.

Reinjection tests (esp. tracer tests):

First well pair, which was drilled in 1995, tested in 1996 and 1998. One-
month interference test in 1996, no clear interference (information lacking on
whether both wells were active, which may have masked interference). Four-
month tracer test in 1998, 10 kg of iodine injected but no tracer recovered.

. Reinjection as part of management:

Started winter of 1998/1999, initially 5 wells now 9 reinjection wells, spacing
between well bottoms usually 800 — 1000 m, reinjection in 2000: 100,000 m’.

Subsidence:
Considerable, but mostly due to shallow ground-water production.
Constrictive regulations:

Some, not clear, Tianjin government institution probably limits production
and requires one injection well to be drilled for each production well.

Other information:
Two well pairs visited on March 31* 2001.



